First colostrum is an important source of nutrients and immune factors which are necessary for calves in the first weeks of life. Despite these benefits, colostrum can also represent one of the earliest potential exposures of dairy calves to infectious agents which these patogens can act directly on growth and cause diseases such as scours or septicemia. With recent increased interest in pasteurized milk feeding systems, producers have been curious to learn if there may also be benefits from feeding pasteurized colostrum. This study was realized to determine the effects of feeding heat-treated colostrum or unheated colostrum on passive transfer of immunity, immunoglobulin G (IgG) concentration, total plate count, health and performance of neonatal dairy calves. First-milking colostrum was collected from Holstein cows and frozen at -20°C to accumulate a large batch. Pooled batches of colostrum were mixed and divided equally: One half was fed unheated colostrum; whereas the other half was fed after heat treatment at 60°C for 30 min. Forty newborn male Holstein dairy calves were fed either unheated (n = 20) and heat-treated colostrum (n = 20), 10% of their birth weight. Calves received 4 L within 1 to 2h after birth and residuals was fed 6h after birth. Serum samples collected from calves and were assayed for serum total protein (STP) and IgG. Feed intake recorded weekly and body weight and skeletal growth measures recorded at d 3 and d 63 (weaning). Every day, calves clinically diagnosed either as being healthy or suffering from respiratory disease and neonatal calf diarrhea. Heat-treated colostrum resulted in lower colostrum bacterial concentration (2.01 vs. 3.96 cfu mL -1 ). Calves fed heat treated colostrum had greater STP in 24, 72h and 23d, IgG concentrations at 24 and 72h plus unheated colostrum. Also weaning weight and average daily gain were greater in calves feed heated colostrum. There were no differences in starter intake and feed efficiency between two groups. Calves fed heat-treated colostrum had lower fecal scores, diarrhea and pneumonia incidence. There were not differences in skeletal growth measurements except body barrel. These results shows that feeding heated colostrum can provide better growth and health in neonatal calves.
Introduction
Calves are agammaglobulinemic at birth because syndesmochorial structure of placenta so depend on ingestion and absorption of colostral immunoglobulins, especially immunoglobulin G (IgG( across the intestinal epithelium during the first 24h of life to establish a protective serum IgG concentration (Elizondo-Salazar & Heinrichs, 2008) . Successful passive transfer of IgG in a calf is defined as having a serum IgG concentration ≥10 mg ML -1 at 24 to 48h of age and is associated with such benefits as decreased risk for morbidity and mortality in the preweaning period and improved improved milk production later in life (DeNise, Robison, Stott, & Armstrong, 1989; Donovan, Dohoo, Montgomery, & Bennett, 1998) . Despite aforementioned benefits, colostrum can be a potential early source of exposure to microbial pathogens. Contamination of colostrum with pathogen may result to the multiple sources, including secretion from mammary gland, during milking, or proliferation during storage feeding or storage (Stewart et al., 2005) . In any case, failure of passive transfer can occur and the incidence of respiratory or digestive disease may increase in these animals Pardon et al., 2015) .
Recent researches on heat treatment of colostrum have shown great advantage in reducing number of bacteria Godden et al., 2006; Johnson, Godden, Molitor, Ames, & Hagman, 2007) and it has been known that feeding heat-treated colostrum may increase IgG absorption and as result increase serum IgG concentration (Elizondo-Salazar & Heinrichs, 2009a; Johnson et al., 2007) . This mechanism is unknown, but Johnson et al. (2007) hypothesized that because antibodies in colostrum may bind pathogens present in gut before absorption, by reducing the contamination in heat-treated colostrum, and consequently the number of pathogen in the gut, more antibodies are potentially free for absorption. Corley, Staley, Bush, and Jones (1977) reported microbes in colostrum might also act competitively by occupying binding sites on the apical plasma membrane of the epithelial cell. They observed microbial attachment, exfoliation of microvilli and intracellular penetration of ileal epithelial cells when E. coli O55 was administered to colostrum-deprived calves. Furthermore, some studies have reported that high concentrations of bacteria in colostrum may be associated with decreasing IgG absorption, thereby potentially contributing to failure of passive transfer (Elizondo-Salazar & Heinrichs, 2009a , 2009b . National US statistics estimate that the proportions of preweaned calves with failure of passive transfer, treated for scours or other digestive problems, and treated for respiratory disease are 19.2, 17.9, and 11.4%, respectively (USDA-APHIS, 2007) . As a consequence, cost for treatment of bovine respiratory disease (BRD) and neonatal calf diarrhea (NCD) and death rates due to both diseases may increase during the first 21 d of life (Meganck, Hoflack, & Opsomer, 2014; Windeyer et al., 2014) . So, a good colostrum feeding protocol should also avoid bacterial contamination (Meganck et al., 2014) .
Heat treatment may be one approach to reduce microbial contamination in colostrum. The history of developing a technique to heat-treat colostrum has been reviewed elsewhere . Ragsdale and Brody (1923) reported that colostrum can be safely heated at 60°C for up to 3h without denaturing Ig or creating an undesirable, heat-coagulated product while inactivating tuberculosis organisms. The recent introduction of commercial on-farm pasteurizers has since created interest in feeding heat-treated colostrum to dairy calves. Experiments to pasteurize colostrum using traditional Pasteurized Milk Ordinance pasteurization temperatures, ranging from 62.5 to 73°C, yielded unacceptable IgG denaturation and changes in viscosity (Godden et al., 2003; Meylan et al., 1996; Tyler et al., 2000) . In most situations, heating colostrum at 60°C for 30 or 60 min should be sufficient to maintain IgG concentrations and fluid characteristics while eliminating or significantly reducing important pathogens including Listeria monocytogenes, E. coli O157:H7, Salmonella enteritidis, and M. avium ssp. paratuberculosis McMartin et al., 2006) . There is lack of researches to indicate effects of heat-treated colostrum on health and growth parameters.
The first objective of this study was to compare the effects of heat-treated colostrum on total plate count and IgG absorption. The second objective of this study was to compare effects of heat-treated colostrum on health and diarrhea and pneumonia incidence.
Material and methods

Colostrum collection and heat treatment
First milking colostrum was collected from Holstein cows into 1.5 L plastic bottles and frozen immediately at −20°C to inhibit bacterial growth. At the start of the experiment, colostrum samples were thawed at 4°C and then thoroughly mixed for 10 min. Thawed colostrum divided into equal aliquots. One aliquot was left unheated whereas the other was heat-treated at 60°C for 30 min by on farm colostrum pasteurization system (V4, SHIRMAK GROUP). Fresh and heat treated colostrum were transferred to sanitized 1.5 L bottles and refrigerated at -20°C for later feeding to calves enrolled in the study.
Immediately before administration, an additional 10 mL aliquot of colostrum from heated and unheated colostrum were collected and frozen at -20°C for later bacterial culture to assess how much bacterial growth had occurred and colostrum IgG measurements. Colostrum samples were thawed to 4°C, mixed by vortex, and serially diluted 1:10 for 5 dilutions. Each dilution was plated on plate count agar for total plate count and plates were incubated for 48h at 37°C and the number of colonies recorded log10 (cfu mL -1 ).
Calf enrollment
The protocol for animal experiments was approved by University of Agricultural Sciences and Natural Resources, Gorgan, Iran. Calves were removed from the dam within 20 to 30 min of birth before suckling could occur. To be eligible for enrollment, calves had to be singletons, weight from 40 to 45 kg, similar median calving ease score 3 (1 to 5 scale), and have similar median parity of dam. Forty male newborn Holstein calves were fed either unheated (n = 20) and heat-treated colostrum (n = 20), 10% of their birth weight. During first 24h, calves received colostrum 4 L, within 1 to 2h after birth and residual was fed 6h after birth. Systematic, rather than random, assignment to treatment groups was used to ensure that the age (duration of storage) of heat-treated and unheated colostrum was approximately equal at the time of feeding, because the storage period will allow for bacterial growth in colostrum. After assignment to a colostrum feeding group, the appropriate bottle of colostrum (heat-treated or unheated) was removed from refrigerator and warmed approximately to 39°C. During the days 2 and 3, calves were fed pasteurized milk 2 L at 9 AM and 2 L at 6 PM. Milk feeding program during days 4 to 63 (9 weeks) was 4, 4, 5, 7, 7, 7, 5, 2 and 1 litter per each day which except week 9, calves were fed just 1 L in the morning and half of milk was received in the morning and residual was fed in afternoon. The composition of the diets is presented in Table 1 . Solid feed (starter) was offered ad libitum to all calves after d 3. During the research all the calves receive same amount of milk in the milk feeding program. 
Blood sample analyses for Ig and serum total protein measures in calves
Precolostrum (0h) and postcolostrum (24, 72h and 23, 43 and 63d) blood samples collected from jugular vein from all calves into serum vacutainer tubes, centrifuged and the serum separated from the clot within 1 h of collection. STP concentrations were determined using spectrophotometer (Pars Azmoon kit, Iran). Sera were then stored at -20°C until it could be analyzed for serum IgG concentration (mg mL -1 ). Serum IgG concentration were determined by immunoprecipitation using single radial immunodiffusion (SRID; Sera vet, Spain). Serum samples (3 µL) were applied to serial RID plates containing agarose gel with anti-bovine IgG. Plates were left undisturbed for 24h at room temperature after adding samples. Resulting ring diameters were measured with a monocular comparator, and IgG content of samples was calculated by regression analysis. A standard curve was generated with reference sera supplied by the manufacturer.
Growth factor and health analyses
Intake of starter was recorded weekly throughout the experiment. Overall average daily gains and feed efficiency (feed efficiency = kg of body weight gain kg -1 of total DMI) were determined during 63 d of life. Body length (distance between the points of the shoulder and rump), heart girth (circumference of the chest), withers height (distance from base of the front feet to the withers), hip height (distance from the base of the rear feet to the hip bone), body barrel (circumference of the belly before feeding), and hip width (distance between the left and right trochanter major) measurements of calves were recorded at d 3 and d 63 (weaning). Fecal scoring was performed daily, as follows: 1 = normal; 2 = soft to loose; 3 = loose to watery; 4 = watery, mucous, and slightly bloody; and 5 = watery, mucous, and bloody.
Statistical analysis
Repeated measure design using PROC MIXED of Statistical Analysis System software (SAS, 2004) was used for body weight, average daily gain, skeletal growth, feed intake, feed efficiency, STP and IgG data analysis. The statistical model used for analyses was yijklm = µ + ti + dij + pk + (t × p)ik + β(body weight) + eijklm, where yijklm = observations or dependent variables, µ = overall mean, ti = effect of treatment i, dij = animal random effect with mean 0 and variance that is equal to the covariance between repeated measurements within animals, pk = the effect of period k, (t × p)ik = the effect of interaction between treatment i and period k, β = regression coefficient of observations on birth weight as a covariate considered only for growth traits (starter intake, average daily gain, feed efficiency, body weight, and other body measurements) and eijklm = random residual effect. Health and fecal scores were tested by performing χ2 tests using the frequency procedure of SAS. All the statistical tests were carried out at 5 percent probability level (p < 0.05).
Results and discussion
Effect of heat treatment on colostrum bacteria counts and immunoglobulin G concentration.
There was no difference in the mean colostral IgG concentration for heat-treated vs. unheated colostrum (57.6 mg mL -1 vs. 60.6 mg mL -) (p = 0.22) ( Table 2) . Early studies with colostrum pasteurization using the same times and temperatures recommended for milk found that heating denatured 12 to 30% of colostral IgG and increased viscosity (Meylan et al., 1996) . Elizondo-Salazar, Jayarao, and Heinrichs (2010) reported when colostrum was heated at 60°C there was a reduction in IgG, especially in IgG1, even when colostrum was heated for just 30 min. The greatest reduction in IgG concentration was observed when colostrum was heated at 63°C. Previous laboratory studies have also reported success in reducing or eliminating pathogens when colostrum has been heat-treated Johnson et al., 2007) . In our study, heating temperature was monitored automatically and temperature fluctuations during heating were +0.1 to −0.1°C , so heating denatured 5% of the colostral IgG. Mean total plate count was lower (p < 0.0002) in heat-treated colostrum (2.01 cfu mL -1 ) vs. unheated colostrum (3.96 cfu mL -1 ). Calf birth weight, median parity of the dam and median calving ease score did not vary among treatments (Table 2 ). Researches have shown that colostral quality continues to increase with parity after the second calving, and older cows generally have the best quality colostrum, while dystocia would reduce colostrum IgG absorption (Donovan, Badinga, Collier, Wilcox, & Braun, 1986; Morrill et al., 2012) . Therefore, to reduce the test error in this study, parity of the dam and calving ease score were considered among the two groups.
In our study heating colostrum at 60°C for 30 min was tend to reduction of colostrum pathogens. Despite the fact that Johnson et al. (2007) reported heat treated colostrum at 60°C for 60 min was tend to significant reduction in standard plate count and coliform count and it appears that 60°C for 30 min is adequate for achieving a goal of bacterial reduction in heat-treated colostrum. An additional 30 min at 60°C would probably eliminate more pathogenic bacteria; however, a different response in calf IgG concentration or apparent efficiency of absoption would not be expected (Elizondo-Salazar & Heinrichs, 2009b) . in multi-herd study confirms the results of these previous smaller, single-herd trials. Heat treatment of colostrum at 60°C for 60 min, as performed by farm staff on 6 commercial dairies, decreased total coliform count by 2.25 log10 and decreased total plate count by 2.49 log10, without decreasing overall colostral IgG centration. Donahue et al. (2012) reported there was a positive relationship between colostrum quality and magnitude of IgG loss when heat treating colostrum. Specifically, when expressed either as an absolute change in pre-versus post-heat-treated IgG concentrations, batches of high quality colostrum experienced a significantly greater magnitude of change in IgG, as compared with the referent category (50 -59.9 mg of IgG mL -1 ).
Effect of feeding heat-treated colostrum on serum total protein, serum immunoglobulin G concentrations and apparent efficiency of absorption.
According the results in Table 3 , there was no difference in STP at 0h (precolostrum feeding) between two groups. However, STP at 24 and 72h and 23d were greater for calves fed heat-treated colostrum (6.80, 6.61 and 6.01) vs. calves fed unheated colostrum (6.31, 6.21 and 5.72). Also there was no difference in STP at 43 and 63 d between two groups. Serum IgG concentrations at birth (0h) were below detectable concentrations of the assay and did not produce ring. IgG concentrations at 24 and 72h of life were greater for calves fed heat-treated colostrum (15.37 and 12.95) vs. calves fed unheated colostrum (12.53, 11.37) (Table 3) . A value of 50 g L -1 for STP at 24h of age is establishing the cutoff point for successful passive transfer (Donovan et al., 1998) . Tyler et al. (1996) compared the performance of commonly used tests for passive transfer, demonstrated STP concentration of 52 g L -1 was equivalent to an IgG concentration of 10 g L -1 . Elizondo-Salazar and Heinrichs (2009a) reported calves received heat-treated colostrum showed greater STP concentrations at 8, 12, 16, and 20h than calves fed unheated colostrum and it was due to absorption of colostral IgG. The concentrations of STP and IgG in serum at 24h have been shown to be positively correlated (Elizondo-Salazar & Heinrichs, 2009a) . In Our research STP and serum IgG concentration were significantly greater in calves fed heated colostrum and results are consistent with aforementioned researches. In a research on 1,071 new born calf demonstrated colostral total plate count and total coliform count had negative association with serum IgG . Microbes might also act competitively by occupying binding sites on the apical plasma membrane of the epithelial cell. Evidence of interaction of intestinal microflora with the absorptive surface of intestinal epithelial cells was demonstrated by Corley et al. (1977) . Johnson et al. (2007) in a research hypothesized that because antibodies in colostrum can bind pathogens present in the gut before absorption can occur, by reducing the number of pathogens in heat-treated colostrum, and consequently the number of pathogens in the gut, more antibodies are potentially free for absorption.
Apparent efficiency of absoption (AEA, %) of IgG at 24 and 72h of life was also greater for calves fed heat-treated colostrum (23.94 and 20.19%) vs. calves fed unheated colostrum (19.29 and 17.50%) (Table 3) . AEA (%) of IgG, a calculated measure that estimates what proportion of the total IgG mass fed is actually absorbed into the calf's circulation, was calculated using the equation described by Quigley III and Drewry (1998) , assuming a plasma volume of 8.5% of birth weight. By increasing serum IgG concentration in calves fed heat treated colostrum and reduction in total plate count during this process, AEA in calves fed heated colostrum had been increased and it was due to rising binding sites for absorbing IgG in gut and it was approved by authors hypothesis. 
Effect of feeding heat-treated colostrum on fecal score, diarrhea and pneumonia incidence
Calves fed unheated colostrums had greater fecal score vs. calves fed heat treated colostrum (1.61 vs. 1.22; p < 0.0001) ( Table 4 ). The percent of diarrhea incidence during 63 d was greater significantly for calves received unheated colostrum vs. calves fed heated colostrum (12.16 vs. 3.8 %; p = 0.002). Rate of incidence to pneumonia during 63 day of lives between treatments shows that calves fed unheated colostrum had greater rate (18 incidences) than calves fed unheated colostrum (5 incidences) (χ2 = 0.03) (Figure 1) . Neonatal calf diseases are multifactorial (Al Mawly et al., 2015; Lorenz et al., 2011) , a proper quantity of good-quality colostrum and milk intake is essential to control them (Meganck et al., 2014) . Other factors that could alter the prevalence of neonatal calf diseases are individual farm management practices and the preventive medicine programs applied to each farm. Godden et al. (2012) in a research on 1,071 calves confirmed unheated colostrum had a positive relationship with total plate count, total coliform count, and risk for any illness and scours. Several clinical studies had been demonstrated that colostrum or blood plasma immunoglobulins can provide local immunity against several pathogens associated with calf diarrheal disease such as Escherichia coli and corona virus (Acres, 1985; Crouch et al., 2000) . Gelsinger, Jones, and Heinrichs (2015) reported calves that received heated and low-bacteria colostrum nearly tended to experience a fecal score ≤2 more often than calves that received unheated or low -bacteria colostrum. In the present study calves with higher serum IgG concentration had less diarrhea incidence and fecal score (Table 4) . Armengol and Fraile (2016) in a research on 287 calf stated a reduction in terms of morbidity (9.8%) and mortality (3.7%) in calves fed heated (60°C for 60 min) colostrum and milk in comparison with animals receiving unheated colostrum and milk during the first 21 d of life.
Effect of feeding heat-treated colostrum on performance of neonatal calves.
According to the results (Table 5) , weaning weight (63d) was greater for calves were fed heated colostrum vs. unheated colostrum (90.94 vs. 87.10 kg; p = 0.01). Average daily gain was significantly greater for calves fed heat-treated colostrum vs. unheated colostrum (0.77 vs. 0.71 kg d -1 ; p = 0.01) ( Table 5) . Whereas there were no differences in starter intake and feed efficiency between two groups (Table 5) . Colditz (2004) reported calves with failure of passive transfer also had lesser weight gains likely because of decreased nutrient utilization and reduced feed intake associated with more disease in these calves compared with calves with adequate passive transfer. Berge, Besser, Moore, and Sischo (2009) demonstrated calves with greater serum IgG concentration had a significantly greater average daily gain to 28d of age. In an other research, Yang, Zou, Wu, Li, and Cao (2015) shows calves that receive colostrum and According to aforementioned researches and ours research results, calves with heated colostrum by having more serum IgG concentration have more average daily gain and body weight versus calves fed unheated colostrum. In contrast, Elizondo-Salazar and Heinrichs (2009a) reported feeding heated colostrum in 60°C for 30 min had no differences among treatments in body weight and feed intake from birth until 8 weeks. In the present study calves birth weight, median ease score and median parity of dam were same between heated and unheated groups (Table  2 ). In addition, the average daily gain and weaning weight in the heat-treated clostrum were greater, while feed intake was not significantly different between the two groups. It seems that increasing the performance in heattreated calves is due to an increase in the immune system and a reduction in the mortality (Tables 3, 4 ). 
Effect of feeding heat-treated colostrum on body skeletal growth measurements of neonatal calves
Skeletal growth measurement results have shown in Table 6 and there was no significantly different in skeletal body measurements between two treatments except body barrel that was greater for calves fed heat-treated colostrums.
Overall all the calves fed heating colostrum had greater skeletal growth than other group. Elizondo-Salazar and Heinrichs (2009a) reported there was no different in colostrum minerals composition between heated and unheated colostrums. Also in this research there was no significant difference between treatments in starter intake (Table 3 ).
In our research as it was expected, there was no difference in skeletal growth except body barrel between calves received heated and unheated colostrum during 63 days (Table 6 ). This different seems to be because of bloat in calves that increased body barrel diameter in changing diets from milk to starter. 
Conclusion
Feeding heat-treated colostrum at 60°C for 30 min reduced bacterial concentration while preserving the colostral IgG concentration. AEA of IgG and calf serum IgG was greater at 24 and 48h of age for calves fed heat-treated versus unheated. STP concentration at 24, 72h and 23d were greater for calves fed heated colostrum. The average daily gain and weaning weight in the heat-treated clostrum were greater, while feed intake was not significantly different between the two groups. It seems that increasing the performance in heat-treated calves is due to an increase in the immune system and a reduction in the mortality. Moreover, fecal score, percent of diarrhea incidence and Pneumonia incidence during 63 were greater for calves fed unheated colostrum. Body skeletal growth measurements of neonatal calves between treatments were similar. Future studies will also need to investigate the effects of heating colostrum in colostral GH and IGF1 hormones and intestinal development.
